We have computed with a fine time grid the evolution of the elemental abundances of He, C, N and O ejected by young (t < 20 Myr) and massive (M = 10 6 M ⊙ ) coeval stellar cluster with a Salpeter initial mass function (IMF) over a wide range of initial abundances. Our computations incorporate the mass loss from massive stars (M ≥ 30 M ⊙ ) during their wind phase including the Wolf-Rayet phase and the ejecta from the core collapse supernovae. We find that during the Wolf-Rayet phase (t < 5 Myr) the cluster ejecta composition suddenly becomes vastly over-abundant in N for all initial abundances and in He, C, and O for initial abundances higher than 1/5th Solar. The C and O abundance in the cluster ejecta can reach over 50 times the solar value with important consequences for the chemical and hydrodynamical evolution of the surrounding ISM.
INTRODUCTION
Massive young stellar clusters are ideal laboratories for research into the evolution of massive stars and their interaction with their surrounding interstellar medium (ISM). These luminous and rapidly evolving massive stars supply most of the young cluster UV radiation that creates the encompassing Hii region and a large amount of mass and mechanical energy in the forms of supernova ejecta and stellar winds particularly during the WR phase. These massive starforming regions can eject during their first 10 Myr of evolution about 20% of their initial mass (Leitherer et al., 1999) (hereinafter STB99) mostly in the form of newly synthesized C, N and O that by mass represent most of the heavy elements.
Massive young stellar clusters are ubiquitous particularly among late type galaxies. Their stellar wind phase can result in a supergalactic wind affecting the nearby intergalactic medium (IGM) . It is open to question how the ejected freshly synthesized heavy elements cools and mix with the ISM, and how long this process governed by the cooling time scale, may last. The time scale for cooling is strongly dependent on the gas cooling rate that in turn is dependent on the gas chemical composition and density (e.g. Tenorio-Tagle, 1996; Kobulnicky et al., 1997; Kobulnicky & Skillman, 1998; van Zee & Haynes, 2006; López-Sánchez & Esteban, 2010) . Thus evaluating the composition of the cluster ejecta and its time evolution is a necessary prior step for estimates of the evolution of the cooling function and ⋆ E-mail:mercedes.molla@ciemat.es † Visiting Professor UAM, Madrid the computation of cooling and feedback time scales. Although work like that of Silich et al. (2001) underlined the large influence that the enrichment of the stellar ejecta can have on the radiative cooling of starburst superbubbles, many researchers are still using Raymond et al. (1976) radiative cooling coefficient calculation for Solar abundances when modelling the interaction between the stellar ejecta and their surrounding medium. In this paper we present a set of models designed to calculate in detail the first 20 Myr of the evolution and chemical composition of a star cluster ejecta on very short time scales, i.e. much shorter than the Hii region lifetime and in particular to resolve the WR wind phase Galactic chemical evolution models traditionally assume that the elements ejected by the stellar cluster are incorporated to the ISM when the corresponding stars die, i.e. at a time equal to their lifetimes (Portinari, Chiosi, & Bressan, 1998; . The shortest time step is usually defined by the mean-lifetime of the most massive star. Since this is typically around 100-120 M ⊙ , chemical evolution calculations begin normally at around 3-5 Myr with comparable time-steps. This way important phases of the wind evolution, occurring before 3 Myr or short lived like the WR phase are lost or diluted.
To compute the composition of the ejecta, most chemical evolution models use the total yields of elements due to supernova explosions, such as those given by Woosley & Weaver (1995,WW95) (Maeder, 1992; Meynet & Maeder, 2002; Hirschi, Meynet, & Maeder, 2005; Hirschi, 2007; Kobayashi et al., 2006) , only the models of Portinari, Chiosi, & Bressan (1998,hereinafter PCB98) include the evolution of both phases, i.e. the yields of core collapse supernova explosions from and the stellar wind yields produced during the evolution of each star. However, PCB98 computations, as most chemical evolution models, were performed with time steps much longer than the lifetime of an Hii region therefore missing short lived stages like the WR phase. Moreover, the evolution of a supernova progenitor that loses part or most of its mass is not the same as a normal main sequence massive star. Since mass and structure are substantially different in he time of the supernova explosion, the associated yields will also differ, such as it is explained in Woosley et al (1993); Woosley, Langer & Weaver (1995, hereinafter WLW93 and WLW95, respectively) . To take this into account, PCB98 linked the final stage of the star after lost mass with the supernova yields though the CO core mass. However, they use the WW95 yields instead WLW93/WLW95 yields.
The organization of this paper is as follows: In Section 2 we use O and WR winds computations to estimate the evolution of the ejecta of a young massive stellar cluster. In section 3 we compute the contribution of the explosive nucleosynthesis. Section 4 gives the complete evolution of elemental abundances within the cluster and discusses the impact of each contribution phase over the final ejecta. Our conclusions are given in Section 5.
STELLAR WIND COMPOSITION
To compute the evolution of the rate of ejection of elements due to stellar winds of a Single Stellar Population (SSP) of a given initial metallicity and initial mass function (IMF), we have used the tables resulting from the isochrones calculation by Bressan, Bertelli & Chiosi (1993); Fagotto et al. (1994a,b) . These authors give the amount of mass lost by massive stars during their evolution for 7 initial stellar masses : 12, 15, 20, 30, 40, 60 and 100 M ⊙ . For each initial mass and time step, the tables provide the present mass (in solar mass units), the rate of mass loss in M ⊙ yr −1 (logarithmic scale) and the abundances of the stellar surface for H, 4 He, 12 C, 14 N, and 16 O. These tables are provided for 6 initial metallicities: Z=0,0001, 0.0004, 0.004, 0.008, 0.02 and 0.05.
In Fig. 1 we plot the evolution of the mass loss rate for all stellar masses. The mass loss rate depends strongly on the initial stellar mass and composition. It is clear from the figure that the lowest mass stars maintain for a long time a low mass loss rate while the most massive ones evolve rapidly ejecting a large part of their mass in discrete events. An important consequence is that a star of solar metallicity with an initial mass of 100 M ⊙ ends its life with around 7 M ⊙ , while the evolution of star of 12 M ⊙ may be followed for almost 20 Myr at a very low mass loss rate that implies that its total mass remains roughly constant.
The mass loss rate is also dependent on the metallicity through the semi-empirical relation included in the stellar models (see Bressan, Bertelli & Chiosi, 1993, for details) . We see these differences in Fig. 1 where the evolution for the 6 given metallicities stars are shown. The lower the metallicity, the smaller the mass loss rate and smoother the behavior shown on the mass loss rate evolution.
In Table 1 we summarize some characteristics of the stellar input models: For each metallicity Z, column 1, and initial stellar Table 2 shows as an example, a few time steps of the most massive star of Z=0.02. It gives for the metallicity of column 1, and for the seven stellar masses, defined by column 2, the initial mass m * in solar mass units in column 3, the time in Myr units in column 4, the mass loss rate, mass, in columns 6 to 10, and the stellar mass m(t) at a given time t, in column 11. The evolution of the stellar masses and surface abundances is shown with dots in Fig. 2 . Each type and color of line indicate a stellar mass as labelled. The lines shows the results of the numerical interpolation used in the following sections. In panel a) we see how drastically the stellar mass decreases when m > 30 M ⊙ in times as short as 5 Myr. The evolution of the stellar surface abundances for H, He in total mass fraction and C, N, and O, as abundances in mass, X, is shown in panels b) to f) of the same Fig. 2 . The surface abundances of C, N and O show a large increase following the start of the stellar winds revealing the the product of first hydrogen and then helium burning. This fact combined with a depletion of H in the ejecta means that, if these abundances were represented as abundances in number, 12 + log (X/H), they would be very high.
To compute the evolution of a stellar cluster ejecta we have assumed that the cluster stellar mix consists of a coeval population or single stellar population (SSP) where all stars were created simultaneously and with the same metallicity. By using the normalized tables of the previous paragraph, it is easy to calculate in each time step the contribution of each star, m, weighted by the number 
where
XS i (m, t) is the surface abundance of each element i and . m(t) is the mass loss rate for each stellar mass m in every time t.
We have performed the calculations for 6 different initial mass functions: 1) A Salpeter (1955) The integration is done for the whole mass range of the IMF in each time step.To integrate in time we have chosen a time step δt = 0.01 Myr (small enough to follow the rapid evolution of the mass loss process without losing any phase). To integrate in mass it is necessary to be available a grid with a wide range of masses. So, we have performed a careful interpolation in mass using the 7 existing tables. The method to obtain the mass loss rate for any mass value it is not straightforward, since it shows abrupt changes in small time scales. So we have used the tables of the mass loss rate to calculate the actual mass m(t) in any time with high accuracy. Then we have interpolated between these values for obtaining a new curve for each mass m, and finally we compute the mass loss rate from this m(t). To calculate the elemental abundances, we have taken into account the different phases of each element abundance, interpolating between two known masses to obtain the points limiting these phases for each mass m. All computations were done for a SSP cluster with a total mass in stars of 10 6 M ⊙ 2 . In Fig. 3 we show the resulting evolution of the instantaneous ejecta abundances X for He, C, N and O in mass as before. Initial Table 3 . Accumulated Masses ejected by a stellar cluster of 10 6 M ⊙ during its wind phase for 20 Myr for Z=0.02 and a Salpeter IMF. The complete tables for all times, metallicities and IMFs will be provided in electronic format This effect is strongly dependent on the original metallicity of the stellar cluster as we may see by comparing with the other metallicity lines. The initial values for the non-solar cases are indicated with arrows around the values, +0.3, -0.4,-0.7, -1.7 and -2.3 dex. For the two models with the lowest metallicity, the ejecta abundances, in particular C and O, do not differ very much from the initial values except for the decrease around 4-5 Myr. However, for higher initial metallicities, all lines show a strong sudden increase at around 4.5-5 Myr reaching values 1 or 2 orders of magnitude larger than the initial value and lasting few million years.
For N the behavior is however different. For all models the N abundance in the ejecta increases at 3 Myr, even at the lowest metallicities. After about 5 to 8 Myr of evolution, when the cluster turnoff mass is below 25 M ⊙ the ejecta metallicity asymptotically approaches the initial value for all initial compositions, except again for N which maintains a higher value than the initial one. Probably this may be explained by the fact that the convective envelope dredges up the modified composition of CNO from the inner parts of the star up to the surface during the Red Supergiant (RSG) RSG phase, which enhances the N mass fraction, sligthly reducing C and O abundances.
The resulting accumulated ejected masses for the cluster in every time step are given in Table 3 . For each IMF, column 1, and metallicity, given in column 2, we give the time step in Myr in column 3, the total ejected mass in column 4, and the accumulated ejected mass of the different elements in columns 5 to 9 for H, He, C, N, and O. We show an example here for solar metallicity and a Salpeter IMF, the complete tables for all times, metallicities and IMFs will be provided in electronic format. The evolution of the accumulated ejecta abundances shows in Fig. 4 a sharp increase for Z ≥ 0.008 due to the mass loss of massive stars followed by a plateau after the peak of mass loss associated with the WR stars decline. For the models with the lowest metallicities, C and O abundances do not change much in relation with the initial values, as explained before, decreasing slightly, simultaneously to the increase of N. However, for the other metallicities the increase in C and O abundances is quite large. On the other hand, He and N abundances, even at the lowest metallicity cases, show the sharp increase at 3 Myr followed by a plateau that shows an enrichment with respect to the initial value larger than 0.5 dex in most cases. This increase in the He and N abundance may have important consequences for measurements of the chemical composition of galaxies based on abundances estimated using emission lines from Hii regions particularly for the lowest metallicity regions i.e. those with 12+log(O/H) ≤ 7.3.
These huge variations in the abundances of the ejecta of a stellar cluster may also be important for the hydrodynamical evolution of the ISM. The high metallicity might lead to extremely short cooling times in the ejecta with important consequences for the subsequent feedback.
ADDING THE SUPERNOVA EJECTA TO THE STELLAR WINDS
In this section we include the elements produced by supernova in our calculations. Stars more massive than m ≥ 12 M ⊙ end their evolution as core collapse supernovae. New elements are created and ejected in these events. Since we assume an IMF were the most massive star m max = 100 M ⊙ has a mean lifetime of τ = 3.7 Myr, the ejections are zero before this time. Only after 3.7 Myr supernovae begin to contribute to the cluster ejected mass. In computing the total ejected mass and its composition, an important effect to take into account is that due to the stellar wind the mass of a star at the pre-supernova stage is smaller than its main sequence mass. Thus, the supernova yields for a given star are not those corresponding its main sequence mass since the star which explodes is less massive. To estimate the supernova yields we took as the supernova progenitor mass, the mass of each star at the end of its wind phase. In practice the models behave in two different ways depending on the wind mass loss rate: assign them the WW95 models in the same way as PCB98 did. In those cases we simply use the final mass of each star to select the most appropriate model among the models given by WW95.
(ii) High mass loss rate. Stars with Z≥ 0.008 and M≥ 30 M ⊙ have high mass loss rates and arrive to the end of the wind phase without H envelope inducing important changes to the supernova explosion mechanism and ejecta. For this case we adopted the models by Woosley et al (1993); Woosley, Langer & Weaver (1995, hereinafter WLW93 and WLW95, respectively) . WLW95 calculated the evolution of stars between 4 and 20 M ⊙ without H envelope. Their results are given for a range of masses of Helium core m He , defined as the mass at which the abundance of H falls to zero. After H exhaustion, these stars continue losing mass. A star of m He = 20 M ⊙ loses 16.44 M ⊙ , ending with a mass of 3.55 M ⊙ . Then, it explodes ejecting other 2.00 M ⊙ and keeping 1.55 M ⊙ in the remnant. In similar way a star of m He = 7.00 M ⊙ loses 3.80 M ⊙ ending with 3.20 M ⊙ before exploding, ejecting 1.70 M ⊙ and producing a remnant of 1.50 M ⊙ .
Using the Padova tracks we obtain for the seven original values of stellar masses, the mass of each star when H is depleted from the envelope. These values are shown in Table 4 for Z≥ 0.008 given that for metallicities lower than this the condition X H = 0 is never reached. The relation between the initial mass in the main sequence m * and the mass of the He core m He is shown in Fig. 5 where we see that the behaviour is quite smooth with the resulting m He ranging from 10 to 45 M ⊙ . The explosive yields for masses m He between 4 and 20 M ⊙ are taken from WLW95. For masses higher than 20 M ⊙ , we take the results from WLW93 where the evolution of WR stars is computed starting at X H =0.50. For models with initial mass of 60 and 85 M ⊙ , (which begin the RSG or Luminous Blue Variable (LBV) phase with 55.5 and 76.9 M ⊙ , respectively), the resulting He core masses are m He = 26.3 M ⊙ and 45.3 M ⊙ , respectively, their masses at the end of the wind phase being only 4.25 and 8.30 M ⊙ . These models are very similar to our most massive stars of 60 and 100 M ⊙ , for which m(X H =0.50) are 44.4 and 80 M ⊙ , with m He = 27.8 and 44.9 M ⊙ and with final masses of 5.93 and 7.16 M ⊙ .
In Fig. 6 we show the comparison between the evolution of the most massive stars used here with the final results of WLW93/WLW95. Note that the final masses in the Padova models for Z=0.02 are slightly larger than the ones from WLW95/WNL93 with the exception of the most massive model. For this case the Padova model reaches 7.17 M ⊙ at the end of the evolution while the corresponding model from WLW93 has a slightly higher value (8.30 M ⊙ ).
Thus, to compute the explosive yields for massive stars with high mass loss rate, we proceeded as follows: for each time step of our Table 5 . Accumulated masses ejected by stars dying as supernova explosions for a stellar cluster of 10 6 M ⊙ during the first 20 Myr for Z=0.02 and a Salpeter IMF. The complete table with all times, metallicities and IMFs will be provide in electronic format. Table 3 , we calculate the stellar mass that corresponds to the stellar mean-lifetime τ(m) = t. Interpolating in table 4 we obtain m He , i.e. the mass of the star at X H =0. We use this value of m He to interpolate with the adequate value of mass in the explosive yields from WLW95/WLW93 and thus to calculate the stellar yields that correspond to this star. The yields are then multiplied by the number of stars given by Φ(m) for the initial (zero age main sequence) mass of the star. Because the production of elements given by WLW93 and WLW95 is calculated only for stars with Z=0.02 we have assumed that the relative yields for the other two abundances (Z=0.008 and 0.05) of the high mass loss rate case are similar. Therefore we have calculated from the total ejected masses (the new elements and old ones) given by WLW93 and WLW95, the stellar yields, as new elements ejected by supernova as: where Xi, 0 are the elemental abundances for each element i corresponding to Z=0.02, and m rem is the mass of the remnant.
Then, we recalculated the ejected masses for each Z as:
for abundances Z=0.008 and 0.05 using the same stellar yield p i and substituting X i,0 with the corresponding values.
The instantaneous mass fraction for He, C, N and O for the supernova ejecta are presented in Fig. 7 . Since the ejected mass has no H for supernovaIb/c, we show all abundances as total mass fraction, as before. The dotted line indicates the reference value for Z=0.02. Each color indicates a different metallicity with the same coding than in previous figures 3 and 4. For the three lowest Z only WW95 has been used, and so the evolution follows a continuous line. When Z ≥ 0.008 we see the change from the ejecta of supernovaIb (originally WR stars), following WLW93/WLW95 stellar yields, to the supernovaII from WW95 ejecta as a sharp vertical line. The first ones produce less He and N and more C and O than the second ones. This behavior is expected given that these stars ejected large quantities of He and N before to explode as supernova, during the stellar winds phase. Table 5 gives the accumulated ejected masses by the supernovaIb/c and supernovaII explosions in each time step. For each IMF and metallicity given in columns 1 and 2 we show the time in column 3, the mass of the star which dies in this time in column 4, the mass of the He core in column 5, the remnant mass in column 6, the total ejected mass in column 7, and the ejected masses of H to O in columns 8 to 12.
The evolution of the accumulated or total abundances due to supernova ejections is illustrated in Fig. 8 . A large increase in the O and C abundances is clearly seen at 4-6 Myr corresponding to the start of the supernova activity. After that there is a steady decrease reaching values around 2 times the initial values after almost 20 Myr. The He and N abundances, however, do not have an important contribution of supernovaIb and they maintain a constant high level after about 5 Myr due to the contribution of supernovaII with lower mass progenitors.
THE TOTAL ABUNDANCES OF THE CLUSTER EJECTA
In this section we show the evolution of the stellar cluster abundances obtained by adding both contributions, winds and supernova explosions ejections.
In Fig. 9 we show the time evolution of the abundances. There we plot the contribution of winds by long dashed (blue) lines, the contribution coming from supernova with short-dashed (green) lines and the total abundances with solid (red) lines. For He both contributions are more or less similar at the end of 20 Myr when Z≥ 0.004, so the abundance is a factor of two if wind ejections are considered compared to the usual calculations performed with supernova productions only. For the two lowest metallicities the ejected masses are a factor 2 or 3 smaller.
We see that stellar winds produce high abundances of C and O only for Z≥ 0.004. The level of 12+log(O/H) doesn't increase for Z≤ 0.004, while for higher Z it reaches almost two orders of magnitude larger. N, however, shows higher abundances than expected for all metallicities, even for the two lowest ones. Although these results are not unexpected, since they are due to the mass loss rate law that depends on Z, these abundances, not calculated When we analyze the same plots for supernovae, we see that now C and O show very high abundances, compared with the reference values, mainly for Z≤ 0.004, while He and N are roughly in the expected level for its metallicity. C and O are primary elements, produced directly from He created in the star. Therefore, their production is expected to be independent of the initial composition, whereas N is a secondary element produced in the CNO cycle at the expense of the initial C and O, so it is reasonable that it scales with the initial abundances.
A summary of these considerations is in Tables 6 and 7 where the accumulated masses ejected after 20 Myr by winds and by supernovae are given. In each one we give for each IMF and each metallicity the total mass ejected in M ⊙ and then the contributions of each element, H, He, C, N and O proceeding from stellar winds and from supernovae, respectively.
For C the contribution of winds is essential, the supernovae contribution being a factor of 10 smaller except for the lowest metallicities (Z=0.0001, 0.0004 and 0.004) for which the ejected masses are insignificant. Also for N only a small contribution is due to supernovae, at the end of the evolution, compared with the wind ejecta. For O the supernovae contribution is as important as the one from winds, particularly after 10 Myr of evolution. Therefore, the contributions of stellar winds to all abundances seems to be essential and must be taken into account in the evolution of stellar clusters and also in the galaxy evolution models in order to interpret adequately the data.
We show the final results for different IMFs in Fig. 10 . There the fraction of mass ejected in the wind phase in panel a) and the final abundances in panels b) to d) are represented as a function of Z for the 6 IMFs of this work. Results for MIL and FER show the smallest abundances of He, C and N, and the highest H values. The other IMFs show results very similar, lower than MIL and FER in H, higher for the other elements. In any case differences among IMFs results are relatively small. The O abundance jumps almost two orders of magnitude between 2.5 and 4 Myr in our lowest metallicity model and about 3 times for the solar abundance model. Between 2 and 3 Myr, the C abundance increases between 10 and 30 times its initial value depending on the initial abundance.
• He and N show more moderate jumps than C and O in their abundance between 2.5 and 4 Myr. He abundance increases almost 3 times for the solar value models and about 2 times for Z= 0.0004. On the other hand N shows jumps of about 5 times for all abundances. For cluster ages t < 10 Myr, He and N enrichment is mainly due to the stellar winds.
These huge variations in the abundances of the ejecta of a stellar cluster can have a profound effect in the hydrodynamical evolution of the ISM. The high metallicity of the young cluster ejecta will lead to extremely short cooling times with important consequences for the subsequent feedback.
On the other hand, one should keep in mind the main shortcomings and uncertainties of our models:
Because present stellar evolutionary models with mass loss do not include the supernova phase and supernova models do not cover a range in initial abundances, our adopted values for the supernova yields of the most massive stars are only approximate.
Binary evolution is not considered. It is known that in young massive clusters perhaps all massive stars are in binary or multiple systems, but it is not clear how the presence of a companion would affect the properties of wind of a massive star.
The effect of stellar rotation is not included in the stellar evolution models we have used. Again, as in the case of binaries, is not clear at this stage how rotation would affect the wind of a massive star.
In spite of these warnings, our models should be useful for the interpretation of the evolution of the ISM in star forming galaxies. The resulting tables are available in electronic format.
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